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(57)Abstract: 



PROBLEM TO BE SOLVED: To retard the generation of a pre- 
pulse by forming a second step dynode facing a first step 
dynode with a material having such a property that secondary 
electrode irradiating ratio to applied voltage is almost saturated 
in an electron multiplier part of a photomultiplier. 
SOLUTION: A photomultiplier receives incident light with a 
photo-electric cathode 5 to irradiate a photo-electron, and 
sequentially cascade-multiplies irradiated photo-electron with a 
plurality of dynodes Dy in an electron-multiplier part 6. In the 
electron-multiplier part 6, a second step dynode Dy2 in which a 
photo-electron irradiated from a first step dynode Dy1 is 
formed with a material having such a property that secondary 
electron irradiating ratio to applied voltage is almost saturated. 
This material is either one of Al, Cu, Be, Ni, Fe, Mo, W, and 
stainless steel. The photomultiplier capable of retarding the 
generation of prepulse is obtained. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] It is the photomultiplier tube equipped with the photoelectric cathode which emits a photoelectron 
in response to the light which carries out incidence, and the electron multiplier which carries out cascade 
multiplication of said emitted photoelectron to order. Said electron multiplier The 1st step dynode in which 
the photoelectron emitted from said photoelectric cathode carries out incidence, It is the photomultiplier 
tube which the electron emitted from said 1st step dynode is equipped with the 2nd step dynode which 
carries out incidence, and is characterized by said 2nd step dynode having the property that the secondary- 
electron-emission ratio to applied voltage is saturated mostly. 

[Claim 2] Said 2nd step dynode is the photomultiplier tube according to claim 1 characterized by being 
formed with one of the quality of the materials among aluminum, Cu, Be, nickel, Fe, Mo, W, and stainless 
steel. 

[Claim 3] Said 2nd step dynode is the photomultiplier tube according to claim 1 characterized by coming to 
form a thin film according to one of the quality of the materials among aluminum, C, Cr, Fe, Zn, nickel, and 
W on a conductive substrate. 

[Claim 4] The photomultiplier tube according to claim 1 to 3 whose potential difference between said 1st 
step dynodes and 2nd step dynodes at the time of use is more than 200V. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the photomultiplier tube which carries out multiplication of 

the photoelectron which carries out incidence by two or more steps of dynodes. 

[0002] 

[Description of the Prior Art] In such electron multipliers (JP,58-41622,B etc.), when detecting a laser pulse 
and operating the photomultiplier tube in pulse detection mode, a preliminary pulse small just before the 
output pulse (Maine pulse) to a signal is detected may be detected. This preliminary pulse is called 
PURIPARUSU and has become one of the causes which worsens TTS (Transit Time Spread). 
[0003] Conventionally, the cause of generating of this PURIPARUSU was considered as follows ( drawing 
4 ). If pulsed light carries out incidence to the photomultiplier tube 100, it will be changed into an electron in 
photoelectric cathode 101, Orbit a will be progressed, and it will collide with the 1st step dynode Dyl. If the 
diameter of a photo-multiplier 100 is made into 8 inches, this electron will run from the photoelectric 
cathode 101 to the 1st step dynode Dyl in about 21ns. The electron which collided with the 1st step dynode 
Dyl generates a secondary electron here. In the electron multiplier 102 after the 2nd step dynode Dy2, 
multiplication of the generated secondary electron is carried out one after another, and it is outputted as a 
Maine pulse mentioned above. 

[0004] On the other hand, it was thought that PURIP ASURU was generated because the pulsed light which 
carried out incidence penetrates photoelectric cathode 101. In this case, in order to progress Orbit b 
(rectilinear propagation) as a photon, it runs from the photoelectric cathode 101 to the 1st step dynode Dyl 
in about 0.44ns. And it collides with the 1st step dynode Dyl as a photon, and a secondary electron is 
generated here. In the subsequent electron multipliers 102, multiplication of the generated secondary 
electron is carried out one after another, and it is outputted as PURIPARUSU. 

[0005] PURIPARUSU generated according to such a cause will appear 20.56ns before the Maine pulse. 
[0006] 

[Problem(s) to be Solved by the Invention] Then, generating of PURIPARUSU was not able to be 
controlled, although the cure of shading was taken that photoelectric cathode 101 should be penetrated and 
the photon which carries out incidence to the 1st step dynode Dyl directly should be removed in order to 
reduce such PURIPARUSU. 

[0007] This invention is made that such a technical problem should be solved, and that purpose is to offer 
the photomultiplier tube which can control generating of PURIPARUSU based on this cause of generating 
while specifying the cause of generating of this PURIPARUSU. 
[0008] 

[Means for Solving the Problem] So, with the photomultiplier tube concerning claim 1 , the 2nd step dynode 
from which a photoelectron serves as the next step of the 1st step dynode which carries out incidence among 
the photomultiplier tubes equipped with the electron multiplier which carries out cascade multiplication of 
the photoelectron emitted from photoelectric cathode is formed with the quality of the material of the 
property that the secondary-electron-emission ratio to applied voltage is saturated mostly. 
[0009] In addition, it is in the inclination for a secondary-electron-emission ratio to also increase so that the 
energy of the electron which carries out incidence to a dynode usually increases, but also when the electron 
of big energy carries out incidence of the above-mentioned "property with which a secondary-electron- 
emission ratio is saturated mostly", it means the property that a secondary-electron-emission ratio does not 
change a lot. 

[0010] In the photomultiplier tube concerning claim 2, as the quality of the material which has such a 
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property, aluminum, Cu, Be, nickel, Fe, Mo, W, and stainless steel are mentioned, and the 2nd step dynode 
is formed with one of the quality of the materials among these. 

[001 1] Forming a thin film according to one of the quality of the materials among aluminum, C, Cr, Fe, Zn, 
nickel, and W on a conductive substrate constitutes the 2nd step dynode of the above-mentioned property 
from the photomultiplier tube concerning claim 3 . 

[0012] In the photomultiplier tube concerning claim 4, the potential difference between the 1st step dynode 

and the 2nd step dynode is used as more than 200V. 

[0013] 

[Function] It became clear wholeheartedly that the cause of generating of PURIPARUSU is what is 
depended on elastic reflection as a result of research. Although this is explained in full detail in the 
following, it is because a photoelectron carries out elastic reflection by the 1 st step dynode and carries out 
incidence to the 2nd step dynode. Since it is accelerated according to the potential difference between 
photoelectric cathode and the 1st step dynode, the photoelectron which carries out incidence to the 2nd step 
dynode has big energy compared with the secondary electron which it is emitted from the 1 st step dynode 
and carries out incidence to the 2nd step dynode. In the property of the usual dynode, it is in the inclination 
for the secondary-electron-emission ratio of a dynode to also increase, so that the energy of the electron 
which carries out incidence increases. In this point and this invention, since the secondary-electron-emission 
ratio of the 2nd step dynode is saturated mostly, even if a photoelectron with big energy carries out 
incidence, a secondary-electron-emission ratio does not change a lot. For this reason, the effect of the 
photoelectron leading to [ of PURIPARUSU ] generating which has big energy by elastic reflection is 
mitigated. 

[0014] Moreover, the dynode of the property in which the secondary-electron-emission ratio to applied 
voltage was mostly saturated with forming the 2nd step dynode with the ingredient hung up by claims 2 and 
3 is obtained. 

[001 5] Moreover, it acts so that time difference with the photoelectron which the transit time of the 
secondary electron which goes to the 2nd step dynode from the 1st step dynode becomes short, and carries 
out elastic reflection and which carries out incidence to the 2nd step dynode by using the potential 
difference between the 1st step dynode and the 2nd step dynode, increasing more than 200V, i.e., the 
potential difference in the meantime, may decrease. 
[0016] 

[Example] In advance of an example, the cause of generating of PURIPARUSU mentioned above is 
explained (refer to drawing 4 ). 

[0017] First, TTS (TransitTime Spread) of the 8 inches photomultiplier tube illustrated by explanation of the 
conventional technique was investigated in detail in the single photon event, consequently, the thing for 
which distribution with the about 5 - 6ns quick electron transit time is detected compared with the electron 
distribution of the Maine pulse — it is (PURIPARUSU) — this — the Maine pulse — receiving — about — it 
was detected by 1/100 of probabilities. In addition, the electron distribution with the electron transit time 
about 5 - 6ns quick in this way was conventionally considered to be a part of electron distribution formed by 
the Maine pulse. 

[0018] Then, an incidence photon is made to increase, 40 photoelectrons are emitted on an average from 
photoelectric cathode 101, and this formed the Maine pulse. Consequently, the above-mentioned electron 
distribution detected by the probability of 1 00 about 1/to the Maine pulse was detected by the probability of 
the 40 times as many abbreviation 40/100 as this. 

[0019] It can consider as follows than this result. The appearance probability should become fixed even if it 
will increase an incidence photon, if it is a part of Maine pulse this electron distribution was conventionally 
considered to be. However, compared with the electron distribution of the Maine pulse, about 5 - 6ns quick 
electron distribution is increasing in proportion [ almost ] to the number of incidence photons, and it is 
thought that it is not a part of Maine pulse clearly. 

[0020] Moreover, as already explained, photoelectric cathode 101 is penetrated, and supposing 
PURIPASURU occurs because light carries out incidence to the 1st step dynode Dyl directly, 
PURIPARUSU will appear 20.56ns before the Maine pulse, and will not be considered that the above- 
mentioned electron distribution occurred based on this phenomenon. 

[0021] The incidence photoelectron based on the above result carried out elastic reflection at the 1st step 
dynode Dyl, incidence was carried out to the 2nd step dynode Dy2, and this expected that it became a cause 
and PURIPARUSU occurred. The result of the following (1) - (3) is obtained by performing such 
anticipation. 
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[0022] (1) The electron transit time is mostly in agreement with actual measured value. First, the electron 
transit time required by the 3rd step dynode Dy3 is found. As for the electron which forms the Maine pulse, 
from the photoelectric cathode 101 to the 1st step dynode Dyl is set [ from the 2nd step dynode Dy2 to the 
3rd step dynode Dy3 ] to 3ns by from the 1st step dynode Dyl to the 2nd step dynode Dy2 for 8ns for 21ns, 
and the electron transit time of the sum total to the 3rd step dynode Dy3 is set to 32ns from photoelectric 
cathode 101. 

[0023] On the other hand, if the photoelectron which carried out incidence to the 1st step dynode Dyl 
carries out elastic reflection, the electron transit time from the 1st step dynode Dyl to the 2nd step dynode 
Dy2 will be set to 3ns. The initial velocity of the photoelectron at the time of carrying out elastic reflection 
by the 1st step dynode Dyl, and going to the 2nd step dynode Dy2 is size compared with the initial velocity 
of the secondary electron emitted from the 1st step dynode Dyl, and this is because the electron transit time 
is shortened at this rate. Moreover, the time amount required between photoelectric cathode 101 and the 1st 
step dynode Dyl and between the 2nd step dynode Dy2 and the 3rd step dynode Dy3 is the same as the 
aforementioned numeric value, and the electron transit time of the sum total to the 3rd step dynode Dy3 is 
set to 27ns from photoelectric cathode 101 . 

[0024] Thus, if it calculates by assuming, the pulse electron distribution (PURIPARUSU) by elastic 
reflection will appear 5ns before the Maine pulse, and will carry out abbreviation coincidence with the 
actual measurement result mentioned above. 

[0025] (2) If the number of photons is made to increase, the ratio of PURIPARUSU and the Maine pulse 
will increase. The photoelectron which carries out elastic reflection by the 1st step dynode Dyl and which 
carries out incidence to the 2nd step dynode Dy2 is usually about 10% of an incidence electron (the 
probability of occurrence is 1/10). Furthermore, the probability which reflects by the 1st step dynode Dyl, 
and is incorporated to the 2nd step dynode Dy2 is also about 1/10. For this reason, in a single photon event, 
the probability to originate in elastic reflection and for an output pulse to occur becomes about 1/100, and is 
mostly in agreement with the observation result of having also mentioned this value above. 
[0026] Furthermore, in the single photon event, although it generated according to 1/100 of probabilities as 
mentioned above, when the pulse with the electron distribution of 5ns ago makes 40 photoelectrons emit and 
formed the Maine pulse now, it was checked by measurement with actual this PURIPARUSU occurring 40 
times in 100 times. This is considered to be because for the number of the electrons which carry out elastic 
reflection to have increased by the increment in the number of photoelectrons. 

[0027] (3) If LLD (Lower Level Discrimination Level) is raised to the amount of charges of the Maine 
pulse, the electron distribution generated 5ns before the Maine pulse will no longer be detected. Thereby, it 
turns out that the amount of charges of the electron distribution generated 5ns before the Maine pulse is 
smaller than the amount of charges of the Maine pulse. Since there is no multiplication in the 1 st step 
dynode Dyl when elastic reflection is taken into consideration, this is considered to become a value smaller 
than the Maine pulse. 

[0028] Like the above (1) - (3), the result by which each of electron transit times, probability of occurrence, 
and amounts of charges is obtained from the above-mentioned anticipation carried out abbreviation 
coincidence with actual measured value. Therefore, it turned out that it generates because the photoelectron 
which carries out incidence carries out elastic reflection of the electron distribution generated 5ns before the 
Maine pulse in the 1 st step dynode Dy 1 . 

[0029] The structure of the photomultiplier tube etc. is explained below a <example>. The cross section of 
the photomultiplier tube built over drawing 1 at this example is shown. This photo-multiplier forms the 
vacuum housing by the stem 3 of the cylindrical shape which constitutes the light-receiving side 1 , the 
globular form bulb 2, and globular form pedestal which receive incident light. Moreover, photoelectric 
cathode 5 is formed, the light which carries out incidence through the light-receiving side 1 is irradiated by 
photoelectric cathode 5, and a photoelectron is emitted to the wall of the light-receiving side 1 from a light- 
receiving part. Moreover, the electron multiplier 6 which carries out multiplication of the emitted 
photoelectron is arranged in photoelectric cathode 5 and the location which countered. 
[0030] An electron multiplier 6 is expanded and shown in drawing 2 . The electron multiplier 6 is equipped 
with the focal electrode 7 as which the orbit of the photoelectron emitted from photoelectric cathode 5 is 
completed, and has formed the mesh-like mesh electrode 9 in incidence opening 7a of the center. These 
focus electrode 7 and the mesh electrode 9 of each other are connected electrically, and potential higher than 
the 1st step dynode Dyl is given. 

[003 1 ] Moreover, it converges with the focal electrode 7 and incidence of the photoelectron which 
countered incidence opening 7a, was arranging the 1st step dynode Dyl, and was emitted from photoelectric 
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cathode 5 is carried out to the 1st step dynode. In addition, between the mesh electrode 9 and the 1st step 
dynode Dyl, rod-like the pole electrode 10 and the plate-like plate electrode 1 1 which are perpendicularly 
prolonged to space are arranged, moreover, the dynode Dyl — countering — the 2nd step dynode Dy2 — 
arranging — **** — the dynodes Dy3 and Dy4 after the 3rd step — the dynode group Dy of the Rhine focus 
mold is constituted in .. 

[0032] Potential higher than the 1st step dynode gives the electron emitted from the 1st step dynode Dyl, 
and it is led to the 2nd step dynode Dy2 with ****, the mesh electrode 9, the pole electrode 10, and the plate 
electrode 1 1 . And incidence of the electron emitted from the 2nd step dynode Dy2 is carried out to the 3rd 
step dynode Dy3, henceforth, cascade multiplication is carried out by the latter dynode one after another, 
and an output is taken out from the anode electrode 12. 

[0033] moreover, each electrodes 9, 10, and 1 1 and the dynodes Dyl, Dy3, and Dy4 of each stage — the 
dynodes Dyl and Dy3 of the other stages each ... is formed for the stainless steel material, and excluding the 
2nd step dynode Dy2 .. vapor-deposits Sb to the field of the inside, and secondary-electron-emission Men is 
formed. Moreover, although the 2nd step dynode Dy2 as well as other dynodes is formed for the stainless 
steel material, vacuum evaporationo of Sb is omitted. In addition, in this case, the potential difference of the 
1st step dynode Dyl and the 2nd step dynode Dy2 is 249V, and with the common photomultiplier tube, the 
potential difference in the meantime is about 100V, and it is set as the twice [ more than ] as many potential 
difference as the common photomultiplier tube at this example. 

[0034] Here, transition of the secondary-electron-emission ratio delta to energy change of a primary electron 
which carries out incidence is shown in drawing 3 about the dynode which vapor-deposited the usual Sb, 
and a dynode with a stainless steel material (only the 2nd step dynode). In addition, an axis of abscissa 
shows among drawing the electrical potential difference (V) impressed to an electron, and an axis of 
abscissa shows the secondary-electron-emission ratio delta. Moreover, the V-delta curve of the dynode 
which vapor-deposited Sb is described as "a V-delta curve of Sb" all over drawing, and the V-delta curve of 
a dynode with a stainless steel material is described as "the V-delta curve of SUS." 
[0035] As shown in drawing, the dynode which vapor-deposited the usual Sb is in the inclination which 
takes to this and the secondary-electron-emission ratio delta increases greatly gradually, when the energy of 
the electron which carries out incidence increases, the increment in the secondary-electron-emission ratio 
delta which corresponds on the other hand by the dynode with a stainless steel material like the 2nd step 
dynode of this example even if the energy of the primary electron which carries out incidence increases — 
**** — it is small. This shows the so-called saturation characteristics. If the energy of a primary electron 
exceeds about 400eV especially, the secondary-electron-emission ratio delta is abbreviation regularity. 
[0036] Here, an operation when the secondary-electron-emission ratio delta uses the dynode which shows 
saturation characteristics as the 2nd step dynode in this way is explained as compared with the case of the 
usual Sb vacuum evaporationo dynode. 

[0037] Then, in a single photon event, it asks for the period until it carries out incidence to the 3rd step 
dynode Dy3 by count about the electron number ratio of PURIPARUSU to the Maine pulse. 
[0038] First, suppose that 900V are impressed to the 1st step dynode Dyl at 800V and the 2nd step dynode 
Dy2 supposing the case where the usual Sb vacuum evaporationo dynode is used in a whole page. In this 
case, the secondary-electron-emission ratio delta in the 1st step dynode Dyl is set to "24" from the graph of 
drawing 3 . Moreover, since the potential difference of the 1 st step dynode and the 2nd step dynode is 1 00V, 
the secondary-electron-emission ratio delta in the 2nd step dynode Dy2 is set to "5" from the graph of 
drawing 3 . Therefore, the Maine pulse generated at this time is set to 24x5=120. Moreover, if the elastic 
reflection mentioned above is taken into consideration, the electron accelerated by 800V will carry out 
elastic reflection by the 1st step dynode, and will be accelerated by the pan by 2nd step dynode 900v. 
Therefore, the secondary-electron-emission ratio delta of the 2nd step dynode Dy2 is set to "24.5", and this 
serves as PURIPARUSU. Therefore, PURIPARUSU / Maine pulse = it is set to 24.5 / 120**0.2. 
[0039] On the other hand, suppose that 1049V are impressed to the 1st step dynode Dyl at 800V and the 
2nd step dynode Dy2 supposing the case where the secondary-electron-emission ratio delta uses the dynode 
which shows saturation characteristics for the 2nd step dynode like this example. In this case, the secondary- 
electron-emission ratio delta in the 1st step dynode Dyl is "25" from the graph of drawing 3 . Moreover, the 
potential difference of the 1st step dynode and the 2nd step dynode is 249V, and the secondary-electron- 
emission ratio delta in the 2nd step dynode Dy2 is set to "4" from the graph of drawing 3 . Therefore, the 
Maine pulse generated at this time is set to 25x4=100. Moreover, if the elastic reflection mentioned above is 
taken into consideration, the electron accelerated by 800V will carry out elastic reflection by the 1st step 
dynode, and will be accelerated by the pan by 2nd step dynode 1 049v. Therefore, the secondary-electron- 
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emission ratio delta of the 2nd step dynode Dy2 is set to "5", and this serves as PURJPARUSU from the 
graph of drawing 3 . Therefore, PURIPARUSU / Maine pulse = it is set to 5 / 100= 0.05. 
[0040] 0, then PURIPARUSU at the time of a single photon will decrease LLD to 0.05/0.2=1/4 because the 
secondary-electron-emission ratio delta uses the dynode which shows saturation characteristics for the 2nd 
step dynode Dy2 from the above result. 

[0041] Moreover, it is PURIPARUSU / Maine pulse =0.05, and if LLD is set to about ten percent of the 
Maine pulse, PURIPARUSU is fully removable [ in the conventional photomultiplier tube, in order to 
remove PURIPARUSU, it was required to set LLD to twenty percent or more of the Maine pulse, but ] with 
the photomultiplier tube of this example. Therefore, with the photomultiplier tube constituted in this way, 
LLD can be lowered as a result, and in covering the large range from a single photon to hundreds photons 
and detecting light by this, it becomes detectable [ a feebleer light ] by lowering LLD conventionally. 
Moreover, even if the number of photons PURIPARUSU carries out [ the number ] incidence to 
photoelectric cathode by becoming the order of 1/hundreds of the Maine pulse increases, byl/N0.5 (N is the 
number of photons), TTS decreases and does not increase. 

[0042] Furthermore, it is also possible to use it in the photomultiplier tube of this example more than 
[ compared with the conventional common photomultiplier tube, it becomes more than twice ] 200V, setting 
up the potential difference between the 1st step dynode Dyl and the 2nd step dynode Dy2. Thereby, the 
transit time of the secondary electron which goes to the 2nd step dynode from the 1st step dynode becomes 
short, and since time difference with the photoelectron which carries out elastic reflection and which carries 
out incidence to the 2nd step dynode decreases, the variation in the electron transit time can be reduced. 
[0043] Although the example explained above showed the example which forms the 2nd step dynode Dy2 
for a stainless steel material, since an almost equivalent property is shown even if it is which stainless steel 
classified according to an SUS notation, this stainless steel can be applied as the 2nd step dynode. Moreover, 
the property mostly saturated to the energy of the electron with which the secondary-electron-emission ratio 
delta of the metal of aluminum, Cu, Be, nickel, Fe, Mo, and W shows and carries out incidence of the almost 
same transition as the stainless steel in drawing 3 besides such stainless steel is shown. Therefore, the same 
effectiveness is acquired also when the 2nd step dynode is formed with such a metal. 
[0044] Furthermore, also when a thin film is vapor-deposited and a dynode is formed on a conductive 
substrate with one metal of aluminum, C, Cr, Fe, Zn, nickel, and W, since the secondary-electron-emission 
ratio delta shows the almost same transition as the stainless steel in drawing 3 , it can be used as the 2nd step 
dynode in this example. 

[0045] In addition, it is also possible to form dynodes other than the 2nd step dynode by the semi-conductor 
dynode, for example, secondary-electron-emission Men may be formed with semi-conductors, such as GaAs 
and Gain. 
[0046] 

[Effect of the Invention] Since it has the property that the secondary-electron-emission ratio of the 2nd step 
dynode is saturated mostly according to the photomultiplier tube concerning this invention as explained 
above, even if the electron with which incidence energy differs greatly carries out incidence, the secondary- 
electron-emission ratio of the 2nd step dynode does not change a lot. For this reason, it becomes possible to 
reduce generating of PURIPARUSU produced because an electron carries out incidence with the big energy 
by elastic reflection. 
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[Drawing 3] 
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Abstract of JP9035680 

PROBLEM TO BE SOLVED: To retard the 
generation of a pre-pulse by forming a second 



step dynode facing a first step dynode with a 
material having such a property that secondary 
electrode irradiating ratio to applied voltage is 
almost saturated in an electron multiplier part of a 
photomultiplier. 

SOLUTION: A photomultiplier receives incident 
light with a photo-electric cathode 5 to irradiate a 
photo-electron, and sequentially cascade- 
multiplies irradiated photo-electron with a plurality 
of dynodes Dy in an electron-multiplier part 6. In 
the electron-multiplier part 6, a second step 
dynode Dy2 in which a photo-electron irradiated 
from a first step dynode Dy1 is formed with a 
material having such a property that secondary 
electron irradiating ratio to applied voltage is 
almost saturated. This material is either one of Al, 
Cu, Be, Ni, Fe, Mo, W, and stainless steel. The 
photomultiplier capable of retarding the 
generation of prepulse is obtained. 
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